Background/Aims: Recently, endoscopic papillary large balloon dilation (EPLBD) using a large balloon (12 -20 mm) for extraction of difficult common bile duct (CBD) stones has been widely accepted with favorable outcomes. However, there is no consensus with regard to the ballooning time. The aim of our study was to evaluate the efficacy and safety of immediate balloon deflation in EPLBD for the treatment of difficult bile duct stone. Methods: This was a retrospective study of 80 consecutive patients with bile duct stones who were treated with an immediate balloon deflation method in EPLBD combined with endoscopic sphincterotomy (EST) between January 2010 and December 2012. Overall success rate, success rate at first ERCP, and the frequency of mechanical lithotripsy for complete stone removal were assessed for efficacy and safety was evaluated by assessing major complications. Results: Overall success rate for complete stone removal was high (78/80, 97.5%) and success rate for complete stone removal at first ERCP was 86.3% (69/80). The use of mechanical lithotripsy was 0% (0/80). The overall complication rate was favorable (5/80, 6.3%). PostERCP pancreatitis was observed in 3 patients (two: mild, one: moderate). In subgroup analysis, the presence of periampullary diverticulum was the only factor affecting the success rate at first ERCP. Conclusion: This study demonstrated the favorable outcome of immediate balloon deflation for treatment of difficult CBD stones and can be considered for clinical application.
INTRODUCTION
Endoscopic papillary large balloon dilation (EPLBD) has recently been used for extraction of difficult bile duct stones. This technique requires of use of a large balloon (≥12 mm in diameter) for papillary dilation and is almost always combined with endoscopic sphincterotomy (EST).
In 2003, Ersoz et al. [1] first described the use of EPLBD after EST for removal of difficult bile duct stones. Since then, several studies of EPLBD [2] [3] [4] [5] [6] [7] [8] [9] for treatment of difficult bile duct stones have reported favorable outcomes and acceptable complication rates. In addition, a recent meta-analysis [10] reported that EPLBD should be considered as an alternative for patients in whom EST could not be routinely performed; it was also recommended for removal of large or difficult common bile duct stones in patients with an underlying coagulopathy or need for anticoagulation following endoscopic retrograde cholangiopancreatography (ERCP) because cases of hemorrhage in EPLBD are fewer than in EST.
However, so far, there has been no consensus with regard to ballooning time [10] . In most studies on EPLBD, the balloon was kept inflated for a certain period after the waist of the balloon had disappeared under endoscopic and fluoroscopic guidance. Unlike other studies, a balloon used in this study was deflated immediately after disappearance of the waist of balloon had been achieved. The aim of this study was to evaluate the efficacy and safety of an immediate balloon deflation method.
bile duct stones and never exposed to ERCP were enrolled in this study and retrospective analysis was performed. All enrolled patients were treated with EPLBD (balloon size 12 mm -20 mm) combined with a limited EST. Difficult bile duct stones were defined as bile duct stone(s) greater than 15 mm in diameter (if multiple, a diameter in the largest one) and/or having a periampullary diverticulum (PAD), which could cause technical difficulty for conventional EST. All enrolled patients were 18 years of age or older and informed consent was obtained before ERCP. Patients who had a history of previous EST or EPLBD were excluded from this study. Patients who underwent precut papillotomy, which could compromise the assessment of procedure-related complications for bile duct access, were excluded. For the same reason, patients with clinically proven acute pancreatitis were also excluded. Other exclusion criteria included concomitant pancreatic or biliary malignancy, definite benign biliary stricture, combined with choledochoduodenal fistula, hepatolithiasis, and altered anatomy due to a prior operation, such as Billroth anastomosis and hemostatic disorders. Bile duct stones that were positive on initial imaging studies (US, CT, or MRCP) but unidentified on ERCP were also excluded.
Methods
After obtaining informed consent, all ERCP was performed using a side-viewing duodenoscope (TJF-240; Olympus Optical Co, Ltd, Tokyo, Japan) with sedation with midazolam plus opioids (demerol or fentanyl). Propofol infusion was added when deep sedation was needed. Selective bile duct cannulation was achieved using the pull-type papillotome preloaded with a 0.035-inch guidewire. Minimal pancreatogram was performed only when a guidewire assisted bile duct cannulation was not secure. After successful selective bile duct cannulation, a cholangiogram was performed and the diameter of the stone (the largest one if multiple) with CBD diameter was measured on the initial cholangiogram. Distal CBD arm and CBD angle were also measured on the initial cholangiogram and acute CBD angle was defined as a CBD angle less than 135˚. A limited sphincterotomy (an incision less than 1/3 of the papillary roof) was performed and a balloon catheter (CRE Esophageal/Pyloric, maximum diameter 12, 15, 18, or 20 mm; length 5 cm, Boston Scientific, Natick, MA) dilation was chosen according to the diameter of CBD and the stone was introduced and gradually inflated up to the maximal pressure under endoscopic and fluoroscopic guidance. As soon as the disappearance of the balloon waist was confirmed, balloon deflation was performed immediately without keeping the balloon inflated.
Ballooning time was defined as the period between attainment of maximal pressure and deflation of the balloon. After balloon deflation, stone extraction using a retrieval balloon catheter was attempted in order to avoid impaction. If the stone extraction using a retrieval balloon failed after four attempts, mechanical lithotripsy was attempted. Complete stone removal was documented with a final cholangiogram. If a residual stone was found, a plastic stent (7Fr single pigtail or double pigtail) was placed and a second ERCP was reattempted within three or four days. Routine pancreatic stenting was not intended.
Complications were evaluated according to the consensus criteria of Cotton et al. [11] Efficacy was evaluated by assessing the success rate for complete stone removal at the first ERCP session and the frequency of mechanical lithotripsy. Technical failure was considered as either failure of complete stone clearance at the first ERCP attempt or overall failure of stone extraction. Safety was evaluated by assessing the incidence of major postprocedure complications (postERCP pancreatitis, bleeding, and perforation).
Statistical Analysis
Continuous variables are expressed as mean ± standard deviation (SD). Median with range was used for the expression of continuous variables that did not show normal distribution. Student's t test was used for comparison of mean values between the two groups. The MannWhitney's test was used in the analysis of continuous variables that did not show normal distribution. Chisquare tests were used in the analysis of categorical variables. A p value of less than 0.05 was considered statistically significant.
RESULTS

Patient Characteristics (Table 1)
Mean age of all enrolled patients was 70.98 ± 10.21. 40 patients were male and 40 were female. Bile duct stone size was 14.43 ± 4.44 mm. Multiple stones were observed in 44/80 (55%) patients. Bile duct diameter was 20.33 ± 5.74 mm. The size of the CRE balloon used for dilation was as follows: 12 mm in 18 patients, 15 mm in 37 patients, 18 mm in 18 patients, and 20 mm in seven patients. Balloons over 18 mm were used in 25 patients (31.3%). PAD was present in 45/80 (56.3%) patients. Mean CBD angle was 143.53˚ ± 16.06˚ and mean distal CBD arm was 37.30 ± 12.36 mm. Acute CBD angle (≤135˚), which could cause difficulty in removal of bile duct stones, was observed in 40 patients (40%).
Efficacy and Safety Evaluation (Tables 2 and 3)
Overall success rate for complete stone removal was The use of mechanical lithotripsy was 0% (0/80). Overall complication rate was favorable (5/80, 6.3%). PostERCP pancreatitis was observed in three patients (two: mild, one: moderate), which was successfully treated with supportive care. Bleeding occurred in two patients. However, no life threatening bleeding episode was observed. Fortunately, we did not experience perforation in our study.
Subgroup Analysis (Table 4)
We compared the success group (complete stone extraction at first ERCP, n = 69) with the failure group (≥2 ERCP sessions requiring complete stone removal or complete failure, n = 11). Of 11 failed patients, nine were successful at the second ERCP session and two were converted to operation. Between the two groups, baseline characteristics were similar, and Stone size, number of stones, CBD diameter, acute CBD angle (<135˚), and distal CBD arm did not differ in statistical significance. However, the presence of PAD was significantly higher in the success group (44/69, 63.8%) than in the failure group (1/11, 9.1%) (p = 0.001). The use of mechanical lithotripsy was similar in both groups. Overall complication rates did not differ between the two groups as well (3/69, 4.3% and 2/11, 18.2%, p = 0.137). PostERCP pancreatitis occurred in two cases of the success group (one: mild, one: moderate) and one case of the failure group (one: mild) (p = 0.362). All patients with postERCP pancreatitis were treated successfully with supportive care. Bleeding that was not serious occurred in one case in both groups, respectively (p = 0.258). No procedure related perforation was observed in either group.
DISCUSSION
Enlarging the papillary orifice is an indispensible requisite for the endoscopic treatment of bile duct stones. It could be achieved either by cutting the biliary sphincter (endoscopic biliary sphincterotomy, EST) or by dilating the biliary sphincter (endoscopic papillary balloon dilation, EPBD). For more than three decades, EST has been performed worldwide as a primary endotherapy for extraction of bile duct stones, with a success rate of 85% to 90% for complete stone removal [12] . Nonetheless, even when performed by an expert, EST has been associated with some risk of complications, such as perforation, bleeding, pancreatitis, and, rarely, with a mortality of 0.5 to 1% [11, 13] .
In addition, failure of stone extraction could be expected in stones larger than 15 mm, stones impacted in the duct, or those located above strictures or tapered ducts [14] . Since it was first described by Staritz et al. in 1983 , EPBD, which dilates the biliary sphincter using a balloon typically 6 to 10 mm in diameter has been advo- cated as an alternative to EST [15] . Although EPD has several advantages over EST (less likely with bleeding, perforation, and preservation of sphincter function), this procedure is associated with a high risk of pancreatitis [16] . Another major limitation of EPBD is the difficulty of removing larger stones because loosening of the biliary orifice is sometimes not adequate for extraction of larger stones [17] .
OPEN ACCESS
Recently, large-diameter (more than 12 mm) balloons have been used for papillary dilation with EST for treatment of patients with difficult bile duct stones that could not be extracted by conventional EST. According to the reports [1] [2] [3] [4] [5] [6] [7] [8] [9] , the success rate of CBD stone clearance was similar in EPLBD compared to EST alone. Mechanical use was less frequent in EPLBD, although mechanical usage in large stones was similar. With respect to complications, EPLBD was associated with fewer complications [10] .
However, ballooning time remains controversial in EPLBD [10] . In most EPLBD studies, the balloon was kept inflated for a few seconds to a minute after the waist of the balloon had disappeared on endoscopic and fluoro-scopic guidance.
According to one EPBD study [17] , longer dilation may result in a larger orifice and facilitate stone extraction. On the contrary, a recent meta-analysis [10] of EPLBD studies demonstrated that ballooning time did not appear to alter the success rate of CBD stone clearance. However, it is generally believed that the longer duration gives a larger orifice and facilitates stone extraction; this idea might be accepted as relevant for either EPBD or EPLBD [18, 19] .
In the current study, the hypothesis for the immediate deflation method was as follows. First, EPLBD plus EST appears similar to EPBD in the context of balloon dilation. Compared to EPLBD, EPBD could not afford separation of the biliary and pancreatic orifices, which has a critical role in easier loosening of the orifice and reducing complications. Separation of the biliary and pancreatic orifices could be achieved by sphincterotomy prior to EPLBD. Second, creation of a larger orifice by EPLBD appeared to be achieved by not keeping the balloon inflated over a period but by gradual inflation of the dilation balloon, especially combined with EST (especially using a larger balloon, such as 18 mm or 20 mm) and, in most cases, achievement of the disappearance of the waist of the balloon, which is an indicator for adequate balloon inflation, appears to occur when the maximal pressure of the balloon was attained. Third, very short ballooning time (10 -12 s) was observed in one EPLBD study [4] , which was very similar to our study idea demonstrating high successful stone clearance rate and low complication rates.
In our study, overall success rate for complete stone removal using the immediate balloon deflation method was very high (78/80, 97.5%), which is comparable to other EPLBD studies [2] [3] [4] 6, 7] , and the success rate at first ERCP for complete stone removal was acceptable (69/80, 86.3%). In addition, in our study, compared to other studies, the use of mechanical lithotripsy, which is a very important factor for assessing efficacy, was very low (actually, none). However, it is too impetuous to conclude that immediate deflation is a better technique compared to conventional ballooning time with this result. Limited number of enrolled patients in our study might have contributed to our findings. Nevertheless, in terms of efficacy, our new method of immediate deflation is not inferior to conventional ballooning time, which is routinely applied in most in hospitals. Overall major complication rate (5/80, 6.3%) was also acceptable, compared to that of other EPLBD studies, which ranged from 3% to 6%.
Our focus for assessment of complications was on significant procedure-related bleeding or perforation. Although complications appeared to be fewer in EPLBD plus EST than in EST alone [10] , life threatening bleeding [20] and perforation [21] could be caused from tearing of the ducts during performance of EPLBD. And, in general, longer inflation of the balloon is thought to have a compression effect on bleeding. Therefore, it was one of our concerns that when the balloon was deflated immediately in EPLBD, sudden loss of compression effect of a balloon might induce serious bleeding from a lacerated duodenal wall. However, in our study, although bleeding occurred in two patients, there was no occurrence of serious bleeding and these two patients were easily treated with supportive care. With regard to perforation, we did not experience procedure related perforation. Considering these results, acute hemorrhage and perforation following EPLBD appeared to be related not to ballooning time but to balloon over inflation, as mentioned previously by Itoi et al. [16] Procedure related death was not reported. In terms of safety, use of the immediate balloon deflation method did not result in an increase in complication rate and appears to be safe, compared to conventional ballooning time.
In sub-group analysis, similar baseline characteristics were observed between the success group and the failure group. The size of the balloon used, bile duct stone size, and number of bile duct stones did not affect stone clearance in either group. However, the presence of PAD was different. In the success group, PAD was present in 44/69 (63.8%) patients and in only 1/11 (9.1%) patients in the failure group (p = 0.001). Thus far, the impact of PAD on EPLBD has not been well studied. One recently published study reported that the presence of PAD did not affect the technical success and complications on EPLBD with limited EST for treatment of CBD stones, however, caution is required in some types of PAD [22] . In subgroup analysis, our result regarding the presence of PAD seemed very difficult to interpret. This result should not lead to the conclusion of a positive influence of the presence of PAD on the technical success in EPLBD. One possible explanation is that a small sample size of the failure group might have caused this questionable result. Another possible explanation is that the presence of PAD could cause the endoscopist to try harder to complete stone extraction in a single session.
No significant significance in CBD diameter, distal CBD arm, and CBD angulations was observed in either group. This finding suggests that in EPLBD therapy, anatomical variation of bile duct might play a minimal role in removal of bile duct stones. Either overall major complication rates or individual major complications between the two groups were similar.
Retrospective analysis is a major limitation in our study. A small sample size is another major limitation, which might have resulted in underestimation of complication rates. These limitations should also be considered for interpretation of results in subgroup analysis. However, being naive to ERCP in all enrolled patients is a strong point of our study, which might lower the chance of bias.
In conclusion, our new method for immediate balloon deflation in EPLBD is effective and safe and could be considered for use in clinical practice. In addition, reducing procedure time and patient's discomfort might be another expected benefit of our study, although they were not evaluated in this study. We hope that a large prospective study will be conducted in order to confirm our results in the near future.
